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ABSTRACT 


Studies  of  aarine  fouling  and  evaluations  of  antifouling  coatings  and  aethods 
have  been  carried  on  at  field  stations  under  naturally  occurring  conditions. 

A  aore  aggressive «  fUndaaental  study  of  the  aarine-fouling  problea  can  be 
atteapted*  and  evaluations  of  antifouling  aaterials  can  be  accoi|>lished  with 
greater  speed  and  regularity^  if  sttidies  eaploying  live  aarine  organisas  are 
conducted  under  laboratory- control led  conditions.  The  techniques  which,  for 
the  first  tiae,  succeeded  in  the  laboratory  aass-rearing  for  four  species  of 
acorn  barnacles  indigenous  to  the  U.  S.  Atlantic  coastline  are  set  forth.  The 
aethods  for  reaoval  of  edbryos  froa  parent  barnacles,  feeding,  and  aaintenance 
of  proper  environaent  for  larvel  stages  are  described.  Method  are  described 
by  Which  fertile  barnacle  ova  are  hatched,  and  aetaaorphose  with  successive 
eedyses  through  six  free-swiaaing ha^liar  stages,  to  the  swiaaing-and-crawling 
cyprid  stage.  Photosdcrogrqihs  of  barnacle  es^ryos,  the  six  naupliar  larval 
stages,  and  the  presettled  cyprid  larval  stage  are  presented.  The  fWture  capa¬ 
bilities  of  this  laboratory  aethodology  and  its  anticipated  contribution  toward 
the  developaent  of  i^>xoved  anti-fbuling  aaterials  are  discussed. 
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SUMARY 


In  order  to  subject  the  pxoblea  of  aerine  fbuling  control  to  systeaatic  scien¬ 
tific  inquiry*  Mans  for  studying  the  settleaent,  attachaent  and  growth  of 
fouling  organisas  are  required.  Requisite  to  su^  studies  it  a  controlled 
supply  of  presettled  larvae  of  the  organisas  under  investigation.  In  this 
report,  the  techniques  involved  in  the  acquisition,  identificatim  and  eaibryo- 
stripping  of  adult  barnacles;  and  the  hatdiing  and  rearing  of  barnacle  larvae 
to  the  presettled  (planktonic)  cryprid  stage  are  set  forth.  Hie  eyprid  is  the 
stage  at  which  barnacles  settle  and  attach  to  suhaerged  aarine  surfaeM,  and 
as  such  will  be  used  as  the  organisa  in  a  bio-assay  aethodology  for  studying 
aarine  fouling  and  antifouling  agents.  Barnacle  larvae  of  species  Balanus 
aaphitrite.  B.  ebumeus,  B.  iaprovisus,  and  B.  trigonus  have  been  suceesilblly 
aass-reared  to  the  ej^rid  stage  at  tkis  Laboratory  at  a  location  distinctly 
reaoved  natural  habitats.  Vigorous,  hetf%  larvae  cultures  have  been 

aaintainbd  iqum  a  diet  of  the  diatoa  Cyclotella  nana.  Prelininary  techniques 
for  the  controlled  settleaent  and  attaeiiaent  of  cypr^ds  to  test  antifouling 
panels  have  been  developed. 
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ADMINISTRATIVE  INFORMATION 


Ref: 


(a)  NAVAPLSCIENLAB  Program  Sunmary,  Std>projoct  SR-007-08-05 ,  Task  1201 
of  1  Nov  1964 

(b)  NAVAPLSCIENLAB  Project  9300-22  Tech  Memo  *1  of  25  Nay  1964 

(c)  NAVAPLSCIENLAB  Project  9300-22  Tech  Memo  «3  of  8  Jul  1964 

(d)  NAVAPLSCIENLAB  Project  9300-22  Tech  Memo  #2  of  17  ^Jun  1964 


1.  The  development  of  procedures  for  studying  marine  fouling  in  the  Laboratory, 
authorized  by  reference  (a),  is  continuing  at  the  U.  S.  Naval  Applied  Science 
Laboratory.  The  current  work  on  this  program  concerns,  mainly,  the  develop¬ 
ment  of  techniques  for  the  mass  rearing  of  juvenile  barnacles,  from  tvbryo 
to  the  planktonic  cyprid  stage,  under  controlled  laboratory  conditions;  and 
studios  of  the  means  for  use  of  barnacle  cyprids  with  a  laboratory  method- 
ology  for  evaluating  the  effectiveness  of  antifouling  coatings. 
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INTRODUCTION  ■ 

3.  Fouling  results  from  the  growth  of  animals  and  plants  on  the,  surfaces  of 
submerged  objects.  The  growth  of  fouling  organises  on  ships  results  in  corro¬ 
sion  of  ship^'  hulls,  increased  fUel  consumption  due  to  increas^  frictional 
resistance  to  the  moveoient  of  the  hull  ^rough  the  water,  losses  in  tine  and 
money  in  applying  the  necessary  remediai  measures,  and  reduction  in  the 
efficiency  of  underwater  sound  devices.  The  problem  of  combatting  the  foul¬ 
ing  of  ships  has  been  the  subject  of  intensive  study  since  ancient  tines,  and 
written  records  of  the  treatment  of  ehips '  bottoms  dating  from  the  5th 
century  B.C.  have  been  found.  It  is  only  within  fairly  recent  times,  however, 
that  means  to  coirtiat  marine  fouling  have  been  subject  to  systemi^ic  scientific 
inquiry. (1)*  Antifouling  paints,  some  of  them  quite  successful  at  discouraging 


*  Note:  The  nuifcers  in  parentheses  (in  the  text)  refers  to  the  Bibliogriq)hy 
at  the  end  of  this  report. 
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the  ottachaont  and  growth  of  aarlao  organisms  for  as  long  as  two  years  under 
certain  eonditioiiSj  hfvo  boon  formulated,  sad  are  evaluated  in  harbor  tost 
stations  or  on  ships  at  iba.  '  Fouling  is  still  a  problon,  however.  The  effec¬ 
tive  life  of  antifouliag  paints  is  limited.  Costs  involved  in  taking  vessels 
out  of  service  for  removal  of  fouling  acctimulatiens  and  roapplication.  of  anti- 
fouling  paints  are  very  high,  probably  in  the  neighborhood  of  a  quarter  of  a 
billion  dollars  annually  in  the  thtitod  States  alone.  The  inprovomont  of  anti- 
fouling  paints  is  a  eontimuing  process;  in  recent  years  new  high-potency  toxics, 
amtilkitotic  chemicals,  and  other  biological  excitatory  or  inhibitory  substan¬ 
ces  have  bocons  available  idiich  nay  provide  now  approaches  to  fouling  cblifxol. 
BfAcioat  study  of  the  largb  nubbors  of  antifouling  formulations  suggi^tott^by 
the  advent  of  those  now  materials  requires  now  methods  for  study  and  oValtliA 
tioB  that  will  provide  prosit  answers  about  the  precise  mode  of  amtifottlla|' 
action  and  that  will  possess  far  more  control  than  the  currently  aedi^b^pio- 
coduros  of  protracted,  non-controllablo  natural  fouling  in  harbor  todt 

4.  The  object  of  the  Naval  Applied  Science  Laboratory's  studios  in  the  field 
of  marine  fouling  is  the  dovolopmsmt  of  a  laboratory  methodology  for  study¬ 
ing  aad  ovaluatiag  aatifouling  coating  systems;  with  the  ultimate  goal  being 
the  dovolopmont  of  improved  materials  and  processes  for  control  of  marine 
fouling.  This  report  is  concerned,  mainly,  with  a  description  of  the  labora¬ 
tory  tochaiquos,  evolved  aad  developed  by  this  Laboratory,  for  the  successful 
laboratory  mass-roaring  of  barnacle  cyprlds. 

5.  Barnacle  larvae,  following  hatching  from  fertilized  ova,  undergo  a  series 
of  notaaorphosos  aad  pass  through  several  stages  of  dovolopiMit.  (See 
Appendix  B.).  The  first  six  (in  the  case  of  the  species  currently  being 
roarod)  of  those  stages  are  called  natq>liar  stages,  the  larvae  being  knobn 

as  nauplii  (singular:  nauplius).  Ibis  aanplius  is  a  froo-swianiag  aiero- 
orgaaisa  ranging  in  size  from  about  200  to  800  microns.  Hie  sixth-stage 
naiqplios  notaaorphosos  into  a  swimaing-aad-crawling  larval  stage  called  a 
cyprid.  It  is  the  barnacle  cyprid  iriiich  ultimately  settles  on  a  subnorgod 
attaches  itself  thereto,  builds  a  calcareous  shell,  aad  becomes 
"fouling'*.  Iho  availability  of  quantities  of  barnacle  cyprids,  as  siq^liod 
by  tochaiquos  described  heroin,  id  11  provide  the  basis  for  a  bio-assay  toch- 
niquo  for  measuring  properties  of  aatifouling  coatings  with  respect  to  a 
biological  response. 


BACKGROUND 


6.  Ihis  Laboratory  is  approaching  the  study  of  fouling  control  in  a  way  that 
will  permit  close  observation  of  the  factors  involved  in  fouling,  provide 
laboratory  survoillanco  of  the  fouling  organisms  at  all  stages  of  their 
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devolopaent  froa  eiriiryo  to  adult,  and  provide  the  means  for  observation  and 
study  of  mechanisms  which  lead  to  attachment.  This  apprpach  is  based  upon 
the  development  of  methods  fpr  rearing  large  quantities  of  barnacle  larvae 
of  several  species  in  the  laboratory,  with  irregularities,  which  inevitably 
attend ' experiments  dealing  with  living  organisms,  kept  to  a  minimum.  The 
primary  requisite  of  the  Naval  Applied  Science  Laboratory's  methodology  is 
a  steady  siq)ply  of  vigorous ,  healthy  barnacle  cyprids.  Although  there  is 
presently  no  known,  working  laboratory  methodology  for  studying^SRtoling.control 
which  is  completely  reliable,  which  operates  under  precisely  defined  standards, 
and  which  can  be  relied  upon  to  quickly  provide  repeatable  data  about  the  anti- 
fouling  properties  of  coatings,  attempts  to  evaluate  antifouling  coatings  and 
toxic  extracts  of  antifouling  materials  by  observation  of  thqir  effqct.ipon 
laboratory  reared  IXrvae  have  been  described  by  Tada  (2)  and  Ragg  (3) . 

Studies  of  the  developmental  stages  of  several  species  of  barnacle  larvae, 
collected,  mainly,  from  saaples  of  naturally  occurring  plankton,  have  been 
carried  on  by  Knight-Jones  and  Waugh  (4),  Barnes  and  Barnes  (5),  Jones  and 
Crisp  (6)  and  others.  Sauill-scale  cultures  of  juvenile  barnacles  which  pro¬ 
vided  the  larvae  for  anatomical  and  morphological  studies  are  described  by 
Bassindale  (7),  Costlow  and  Bookhout  (8),  Wisely  (9)  and  Barnes  and  Costlow 
(10).  Moyse  (11)  succeeded  in  mass  rearing  juveniles  of  the  species 
Bladnios  modestus.  and  briefly  describe^  the  rather  simple  procedures  and 
techniques  ^ioy^.  These  procedures  were  eq>loyed  during  preliminary  in¬ 
vestigations  of  barnacle  rearing  by  this  Laboratory,  but  were  found  to  be 
tmsucces^ful  in  connection  with  the  species  being  reared,  and 'resulted  in 
100%  mortality  at  the  third  natq>liar  stage.  A  more  detailed  account  of  feed¬ 
ing  laboratory-  reared  barnacle  larvae  of  several  species  by  Moyse  (12),  re¬ 
ports  on  the  types  and  concentrations  of  algae  which  were  used  and  provides 
information  on  the  time  of  larval  development  from  ova  to  cyprid  for  Balanus 
balanoides,  Elminius  modestus,  Chthamalus  stellatus  and  Lepas  anatifera. 

7.  The  general  approach  to  fouling  studies  being  pursued  by  this  Laboratory, 
and  an  outline  of  the  methodology  being  developed  were  reported  in  references 
(b)  and  (c),  and  set  forth  by  Freiberger  and  Cologer  (13).  Briefly,  the 
Naval  Applied  Science  Laboratory  methodology  for  studying  and  evaluating 
marine  antifoulants  consists  of  the  following  steps; 

a.  Collection,  froa  natiUral  sources,  of  adult  barnacles. 

b.  Removal  of  embryos  froa  the  adult. 

c.  Rearing  the  juvenile  barnacles  through  the  successive  naupliar  and 
planktonic  cyprid  stages. 

d.  Exposure  of  antifouling  test  panels  to  a  fixed  nuaber  of  planktonic 
cyprids  under  controlled  conditions. 

e.  Determination  of  the  nuUber  of  cyprid  attachments,  or  observation 

of  the  vigor  of  the  shell-building  capability  of  the  young  attached 
barnacles. 

f.  Interpretation  of  the  "attachment  data"  as  an  indication  of  service 
antifouling  effectiveness. 
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Reference  (d)  reported,  briefly,  on  this  Laboratory's  initial  success  in  nass 
rearing  barnacle  larvae  to  the  planktonic  cyprid  stage,  and  provided  prelimi¬ 
nary  results  of  observations  of  cyprid  settling  and  attachment. 


METHODS 


8.  Ihe  techniques  and  equipment  described  below  are  currently  being  employed 
to  mass-rear  barnacle  larvae,  from  the  fertilized  ova  to  the  planktonic  cyprid 
stage,  at  this  Laboratory's  marine  fouling  test  facility  located,  in  associa¬ 
tion  with  the  marine  biological  research  laboratories  of  the  New  York  Zoological 
Society,  in  the  Aquarium  at  Seaside  Park,  Brooklyn,  New  York.  The  stepwise  pro¬ 
cedures  for  the  Laboratory  rearing  of  barnacle  cyprids  may  be  listed  as  follows: 

a.  Collection,  from  natural  sources,  of  endiryo-bearing  adult  barnacles. 

b.  Delivery  of  adult  barnacles  to  the  laboratory. 

c.  Identification  by  species  of  adult  barnacles. 

d.  Removal  of  lamellae  (masses  of  fertile  ova)  from  the  adult  barnacles. 

e.  Classification  of  degree  of  maturity  of  the  lamellae. 

f.  Hatching  of  fertile  ova  (embryos)  to  first  stage  nauplii  and  meta¬ 
morphosis  to  second  stage  nauplii. 

g.  Examination  and  count  df  nauplii,  and  transfer  to  rearing  vessel. 

h.  Developannt  of  nauplii,  through  successive  metamorphoses  to  the  third, 
fourth,  fifth  and  sixth  natq)liar  stages,  and  the  planktonic,  cyprid  stage. 

9.  A  description  of  the  methods  for  the  collection  of  embryo-bearing  adult 
barnacles .from  natural  sources  at  Biscayne  Bay,  Florida,  andlhei^  shipment  by 
air-freight  to  the  Laboratory;  and  a  description  of  the  source  and  treatment 
of  the  natural  seawater  used  at  the  marine  fouling. test  facility  was  given  in 
reference  (b).  Except  as  otherwise  noted  or  described  in  detail  below,  the 
methods  of  reference  (b)  are  used  in  connection  with  current  rearing  techniques. 

10.  Identification  of  Adult  Barnacles  and  Removal  of  Lamellae 


The  techniques  described  herein  are  currently  being  used  to  successfully 
mass-rear  larvae  of  the  following  species  of  acorn  barnacles:  Balwus 
aaphitrite,  B.  ebumeus,  B.  improvisus  and  B.  trigpniis.  The  adult  barnacles 


Lab.  Project  9300-22 
Progress  Report  #1 

of  these  species  are  readily  identifiable  by  the  color,  shape  and  markings  of 
their  calcareous  shell  plates.  (This  is  described  in  greater  detail  in  refer¬ 
ence  (b) ,  a  portion  of  which  is  reproduced  herein  as  Appendix  C) .  In  the 
Laboratory,  the  larvae  of  the  various  species  are  reared  separately:  cnch 
rearing  vessel  containing  juvenile  barnacles  of  only  one  species.  The  adult 
barnacles,  usually  measuring  about  10  to  20  mm  at  the  base,  are  removed  from 
the  aluminum  panels  upon  which  they  have  grown  with  the  use  of  a  sharp-edged 
spatula.  When  properly  done,  the  basal  plate  of  the  barnacle's  calcareous  shell 
remains  attached  to  the  panel  and  the  animal  is  thus  completely  exposed.  Should 
the  basal  plate  part  from  the  surface  of  the  panel  and  remain  with  the  barnacle, 
the  ^late  is  carefully  pried  away  with  a  forceps.  E]id)ryos,  when  present,  are 
contained  in  two  lamellae,  each  consisting  of  from  300  to  1500  es^ryos  enclosed 
within  a  jelly-like  laatrix,  located  laterally  within  the  body  sac  of  the  barna¬ 
cle.  This  sac  is  cut  and  drawn  aside  to  expose  the  lamellae  which  may  then  be 
removed  with  either  a  dissecting  needle  or  a  pipette.  (See  Figure  5) 

11.  Classification  of  Lamellae 


For  the  purposes  of  this  investigation,  the  Laboratory  has  established  a 
classification  of  barnacle  lamellae  in  accordance  with  the  maturity  of  the  con¬ 
stituent  embryos.  Lamellae  are  thus  classified  in  one  of  three  groups,  as 
follows: 


a.  Group  1  -  These  are  the  least  developed  (youngest)  eiid>ryos.  The  lamella 
is  white  or  light  tan;  the  eiid)ryos,  closely  packed  within  the  lamella,  do  not 
have  the  nauplian  eye  spot.  Microscopic  examination  (200X)  does  not  reveal  any 
motion  by  individual  embryos.  Hatching  to  first  stage  nauplii  will  commence  in 
about  3  days  to  2  weeks. 

b.  Group  2  -  The  color  of  the  lamella  varies  from  light  tan  or  pink  to 
dark  brown  or  red,  depending  upon  the  species  and  the  age  of  the  embryos.  The 
embryos,  still  contained  within  an  intact  lamella,  each  have  a  characteristic 
naiiplian  eye  spot.  Microscopic  exaiaination  reveals  rhythmic  motion  of  individ¬ 
ual  eabryos  at  the  periphery  of  the  lamella.  Hatching  to  first  stage  nauplii 
will  commence  in  about  6  hours  to  3  days. 

c.  Group  3  -  These  embryos  have  begim  to  separate.  The  lamella  has 
ruptured  and  is  no  longer  intact,  and  cannot  be  removed  as  an  entity.  The 
eabryos  are  drawn  off  with  the  use  of  a  pipette.  Hatching  to  1st  stage  nauplii 
is  either  coi^>leted  or  will  take  place  within  6  hours.  In  general,  group  3 
lamellae  are  not  used  for  this  investigation. 

12.  Hatching 


Immediately  upon  reanval  from  the  adult,  the  lamellae  are  placed  in  a  Pyrex 
hatching  beaker.  Each  hatching  beaker  may  contain  as  many  as  eight  lamellae,  of 


i 


9 


Lab.  Project  9300-22 
Progress  Report  #1 


a  given  aaturity  group  and  of  a  single  species  of  barnacle,  in  about  300  nl  of 
filtered  seawater  naintained  at  70F  (Unless  otherwise  noted,  all  sea¬ 

water  used  for  these  studies  is  heated  to  70P  t  2.)  (The  use  of  antibiotics 
at  this  stage  of  the  rearing  process,  as  reported  in  reference  (c)  and  in 
(13),  has  been  discontinued).  As  required  by  the  observed  rate  of  hatching, 
the  contents  of  the  hatching  vessel  are  passed  through  a  bolting-cloth  sieve, 
specially  designed  and  fabricated  at  the  Laboratory  for  this  purpose,  into  a 
P^x  collecting  vessel  containing  a  quantity  of  filtered  seawater.  The 
■ethods  for  sieving  populations  of  barnacle  larvae  at  thii'  Laboratory  are 
patterned  after  procedures  in  use  at  the  Department  of  Interior,  Bureau  of 
Conaercial  Fisheries  Laboratory  at  Milford,  Connecticut,  for  processing 
IWllusc: larvae  (14).  In  this  connection,  the  Fisheries  Laboratory  has  found 
that  conmercially  available  stainless  steel  sieves  are  adequate  for  their  pur¬ 
poses.  For  rearing  barnacle  nauplii  as  a  bio-assay  organism,  however,  this 
Laboratory  has  found  it  necessary  to  eliminate  all  contact  with  metals  and  to 
employ  non-toxic  bolting  cloth  for  this  purpose.  The  sieve,  fabricated  with 
No.  6,  74  mesh  bolting  cloth  (size  of  openings:  343  mic^rens),  (See  Figure  6) 
permits  the  passage  of  discrete  embryos  and  free-swiaaing,  newly-hatched 
first  and  second  stage  nauplii,  each  now  measuring  about  300  microns  in 
length,  and  retains  the  lamellae  masses  of  unhatched  eiriiryos  which  are  re¬ 
turned  to  the  hatching  beaker. 

13.  Counting  Nauplii 

In  order  to  separate  vigorous,  healthy  larvae  from  more  sluggish  forms  in 
the  populafion  of  first  and  second  stage  nauplii,  and  to  provide  a  count  of 
the  nu^er  of  nauplii  being  reared,  a  transfer  of  larvae  is  made  to  a  counting 
vessel.  This  transfer  is  facilitated  by  the  fact  that  healthy  nauplii  are 
highly  phototropic  and  will  swim  in  the  direction  of  a  light  source.  By 
placing  a  small  spotlight  at  the  side  of  the  collecting  vessel  so  that  a  beam 
of  light  traverses  the  seawater  horizontally,  the  natq>lii  can  be  made  to  con¬ 
centrate  at  the  side  of  the  vessel  nearest  the  spotlight.  (See  Figures  7  and 
8) .  they  may  then  be  drawn  off  in  great  nu^ers  with  a  pipette,  and  discharged 
into  the  counting  vessel.  In  this  manner  a  transfer  of  nauplii  is  made  which 
leaves  behind  in  the  collecting  vessel,  for  discard,  the  more  sluggish,  less 
vigorous  larvae,  as  well  as  the  eipty  ova  cases,  the  exuviae  (exoskeletal 
sheddings  of  the  metamorphosis  from  first  to  second  stage),  the  unhatched 
embryos,  and  any  dead  larvae  which  passed  through  the  sieve.  The  voluM  of 
the  seawater  and  nauplius  pq;nilation  in  the  counting  vessel  is  adjusted,  with 
the  addition  of  more  filtered  seawater,  to  100  ml.  The  contents  of  the 
vessel  is  then  mechanically  agitated  to  evenly  distribute  the  larvae,  and  a 
one-milliliter  sample  is  removed  with  a  pipette  and  placed  in  a  well-slide. 
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The  nuaber  of  nauplii  present  in  the  one-nilliliter  sample  is  then  counted 
under  a  microscope.  This  procedure  is  conducted  four  times  and  the  results 
averaged  and  multiplied  by  100  to  obtain  an  approximate  count  of  nat;q>lii  in 
the  counting  vessel.  As  a  rule,  larvae  are  further  reared  to  the  cyprid 
stage  in  populationis  nunbering  about  200.  Therefore,  the  volume  of  seawater 
in  the  counting  vess^' which  contains  200  nauplii  is  calculated  on  the  basis 
of  the  total  number  of  natqtlii  present  in^the  TOO  milliliters.  This  calcu¬ 
lated  voliime,  containing  200  ^irst  and  second  stage  nauplii  nay  then  be 
measured  out  and  transferred  to  a  rearing  vessel. 

14.  Rearing  to  Cyprid  Stage 

The  following  techniques  and  equipment  are  currently  being  ea^loyed  for 
the  mass-rearing  of  nauplii  to  the  cyprid  stage: 

a.  Rearing  vessel  -  The  rearing  vessels,  in  which  the  development  of 
nauplii  to  the  cyprid  stage  takes  place,  consist  of  Pyrex  beakers  of  1500 
ml  capacity.  A  4-inch  diameter  Pyrex  Petri  dish  with  a  1/2-inch  inscribed 
grid,  is  placed  in  the  bottom  of  each  rearing  vessel.  (Note:  It  will  be 
upon  the  surface  of  this  Petri  dish,  which  is  placed  in  the  rearing  vessel 
at  this  early  stage  in  order  that  it  may  develop  a  film  of  bacterial  slime 
necessary  for  cyprid  settlement ,dtus«te coming  "seasoned",  that  a  preponderance 
of  cyprids  will  ultimately  settle  and  metamorphose  into  young  adult  barna¬ 
cles.  However,  only  those  aspects  of  the  techniques  germane  to  rearing 
larvae  to  the  cyprid  stage  are  discussed  herein.  Laboratory  studieg  of 
cyprid  attachment  and  metamorphosis  to  adult  will  be  the  siAject  of  future 
reports.)  The  following  are  then  placed  into  the  rearing  vessel: 

(1)  A  volume  of  seawater  containing  approximately  200  early  stage 
barnacle  nauplii  of  one  species,  prepared  and  counted  as  described  in  para¬ 
graph  11,  above. 

(2)  A  quantity  of  algae  culture,  calculated  to  contain  l.S  x  10^ 
cells  of  the  eeitric  diSttom  Cvclotella  nana.  (Ihe  culturing  of  algae  and  the 
preparation  of  samples  with  Known  cell -counts  are  briefly  described  in 
Appendix  D. ) 


(3) .  Filtered  seawater  to  bring  the  total  volume  in  the  rearing 
vessel  to  750  ml. 

The  rearing  vessel  is  then  loosely  covered  with  a  polyethylene  bag  and  Min- 
tained  at  a  te^>erature  of  70P  t  2.  (See  Figure  9). 
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M^tenance  and  observation  -  The  seawater  in  the  rearing  vessel  is 
chanpd,  algti  culture  is  added,  and  the  progress  of  larval  developaent 
is  observed  on  a  daily,  seven-day-a-week  basis.  The  steps  for  these  proce¬ 
dures  are  as  follows:  r 


(1)  The  contents  of  the  rearing  vessel  are  passed  through  a  sieve 

®osh  bolting  cloth  (size  of  openings:  147  aierms) 
which  penits  passage  of  the  seawater,  unused  algae  and  aost  waste  products.  ’ 
wd  retains  the  nauplii  and  the  exuviae  resulting  froa  the  ecdysis  which  occurs 

j  (See  Figure  10).  The  rearing  vessel 

Md  P®]^i  dish  are  pemitted  to  drain  thoroughly,  but  are  not  rinsed  or  wiped 
dry.  The  larval  population,  now  contained  in  the  sieve,  is  gently  flushed  with 
running  seawater  and  discharged  into  a  shallow  Pyrt*  exaaination  dish  together 
with  sufficient  seawater  to  aalntain  a  depth  of  about  8  centiaeters.  (See 
Figure  11).  '• 


(2)  The  larval  population  is  then  exaained  under  a  aicroscope. 
following  infoxaation  is  derived  froa  this  exaaination: 


The 


_  ^  (•)  The  larval  stages  present  -  The  nauplii  are  observed  in 

Wg»*and  the  stage  or  stages  present  are  noted.  Identification  of  naupllar 
stages  is  aade  in  accordance  with  descriptions  contained  in  the  literature. 

(1  and  others,  and  also  based  upon  observation  and  enuaeratioa 

Of  bawacle  larvae  developaent  carried  out  at  this  Laboratory.  The  eSRiviae 
(shedded  exoskeletons)  are  also  exaained.  Since  they  are  lifeless  ahd  do 
not  Mve.  they  often  facilitate  the  deteraination  of  the  larval  stages  present 
in  the  population.  For  exaaple.  an  exuviua  identified  as  having  belonged  to 
a  third  stage  nauplius.  ds  indicative  of  larval  developaent  to  the  next  hia^er. 
or  fourth,  natqiliar  stags. 

-  Cb)  The  predoainating  larval  stage  -  A  quantitative  observation 

Of  the  stages  present  is  aade.  and  the  presence  of  a  single  predoainating 
Stage  is  noted,  idien  applicable. 

(c)  Groeral  health  and  vigor  -  The  swiaaing  patterns  and  the 
overall  appearance  of  the  aechanical  activity  of  the  naiq>lii  are  observed  as 
an  indication  of  the  health  and  vigor  of  the  population. 

(<*)  Evidence  of  feeding  -  As  a  general  rule, it  has  been  found 
that  evidence  of  feeding  provides  a  fira  basis  for  establishing  the  health  and 
developaent  potential  of  a  naupliar  population.  A  nauplius  ir exaained  for 
the  presence  of  diatoas  in  its  gut,  and  for  other  internal  signs  that  food  is 
being  assiailated.  The  presence  and  quantity  of  fecal  pellets  in  the  surround¬ 
ing  seawater  are  also  noted  as  evidence  of  successful  feeding. 
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(e)  Deyi  natnalii  -  The  presence  of  dead  nauplii  is  noted,  and  a 
count  of  the  number  o#  living  and  dead  forms  is  made  in  order  to  determine  the 
overall  percentage  survival  rate  for  the  population. 

(3)  The  contents  of  the  shallow  examining  dish  are  then  returned  to 
the  rearing  vessel;  a  quantity  of  algae  culture  and  of  fresh  seawater  is  added, 
as  before:  and  the  rearing  vessel  is  again  covered  and  maintained  at  70F  *  2. 

c.  topearance  of  Cyprids  -  When  the  larval  population  begins  to  meta¬ 
morphose  mm  the  sixth  natq)liar  stage  to  the  free-swimming  cyprid  stage  the 
following  procedures  take  effect: 

(1)  Upon  determination,  during  microscopic  exasdnation  of  a  popula¬ 
tion  contained  in  a  shallow  dish  (as  described  in  paragr^>h  b.  (2),  above), 
that  cyprids  are  present,  the  Petri  dish  which  has  resided  within  the  rearing 
vessel  is  removed. 

(2)  Hie  rearing  vessel  is  thorou^ly  washed  and  scrubbed  with 
running  seawater. 

(3)  The  Petri  dish,  drained,  but  unwashed  and  retaining  an)r  bacterial 
slime  whi^  may  have  formed  upon  its  surface,  is  replaced  in  position  at  the 
bottom  of  the  rearing  vessel. 

(4)  The  contents  of  the  shallow  examining  dish  are  then  returned  to 
the  rearing  vessel;  algae  culture  and  fresh  seawater  are  added,  as  before; 
and  the  rearing  vessel  is  again  covered  and  maintained  at  70P  +^2> 

IS.  Beginnings  of  Settlement,  Attachment,  and  Metaswrphosis  to  Adult  Barnacle 

The  rearing  vessel,  constituted  as  described  in  paragraph  12,  above,  now 
consists  of  a  3/4-liter  seawater  environment  containing  a  known  number  of  healthy 
barnacle  cyprids,  and  a  4-inch  diameter  "preseasoned",  grid-scored,  glass  surface 
upon  which,  by  reason  of  its  baterial-slime  film,  cyprid  settlement  may  be  ex¬ 
pected  to  preferentially  occur.  Observations  of  cyprid  settleswnt,  attachawnt 
and  metamorphosis  to  adult  barnacle,  are  currently  in  progress  at  the  Laboratory. 

RESULTS 


16.  In  the  course  of  developing  the  techniques  for  the  successful  laboratory 
mass-rearing  of  barnacle  larvae,  ifell  over  one  thousand  cultures  of  larvae  were 
initiated  and  studied  with  progressively  increasing  success.  Early  atteipts  at 
rearing  resulted  in  high  rates  of  mortality  at  the  lower  naupliar  stages.  With 
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no  survival  to  the  cyprid.  As  techniques  becaae  refined  (nost  especially  with 
the  introduction  of  non-netallic  sieves  to  facilitate  water  changes  in  I'earing 
vessels),  and  a  better  understanding  df  feeding  and  algae  culture  was  attained, 
survival  rates  increased  and  coaqplete  larval  metanorphosis  to  the  cyprid  stage 
resulted.  To  date,  several  hundred  individual  cultures  have  yielded  cyprids; 
data  for  several  representative  cultures  of  four  barnacles,  Balanus  yphitrite, 

B.  eburneus,  B.  iaprovisus  and  B.  trigonus  are  given  in  Appendix  A,  Taole  i 
through  The  data  are  presented  in  such  a  way  as  to  indicate  the  nuri>er  of 
days  required  to  reach  a  certain  level  of  development  in  each  larval  population. 
Thus,  the  six  columns  of  figures  under  "Naupliar  Stages"  indicate  the  nuiAer  of 
days  from  hatching  to  each  of  the  six  (denoted  by  Roaan  numeral  A  naupijpfc  stages. 
Uiider  "Cyprid  Stage",  data  are  presented  on  the  nuid>er  of  days  from  hatching  to 
first  appearance  of  cyprids,  and  also  on  the  nussber  of  days  to  produce  larval 
populations  consisting  of  20%,  40%,  60%,  and  80%  cyprids.  These  data  for  the 
four  barnacle  species  are  summarized,  also  in  Table  1. 


TABLE  1 


SIMHARY  OF  REARING  RATES  FOR  BARNACLE  LARVAE 

Species 

Elapsed  Time  from  Hatch 

Cyprids  First 
^pear 

Cyprids  80% 
of  Population 

BalAnus  amphitrite 

10  to  14  days 

14  days 

Balanus  eburneus 

7  to  12  days 

9  to  17  days 

Balanus  >l|ggHtidLa»s 

8  to  14  days 

12  to  20  days 

Balanus  trigonus 

9  days 

11  to  13  days 
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DISCUSSION 

17.  The  techniques,  described  herein,  developed  by  the  Naval  Applied  Science 
Laboratory  for  the  culturing  of  barnacle  larvae  are  currently  being  used  to 
mass-rear  presettled  barnacle  cyprids  in  the  laboratory  in  connection  with 
the  development  of  a  bio-a^say  technique  for  studying  marine  antifouling 
agents.  Careful  searches  of  the  technical  literature  of  the  biological 
sciences  and  of  antifouling  coatings  technology  indicate  that  this  accom¬ 
plishment  represents  (1)  the  first  successful  mass-rearing  to  the  cyprid  stage 
of  larvae  of  barnacles  Balanus  amphitrite,  B,  ebumeus.  B.  improvisus,  and 

B.  trigontis,  (2)  the  first  mass  rearing  of  barnacle  larvae  at  a  laboratory 
whose  location  is  distinctly  removed  from  the  barnacle's  natural  growing  site; 
thus  co^>lying  with  the  requirement  that  the  methodology  be  operational  inde¬ 
pendent  of  the  barnacle's  natural  environment,  and  (3)  the  first  rearing  techni¬ 
que  to  provide  for  the  ultimate  use  of  the  reared  barnacle  larvae  in  a  methodology 
involving  controlled  settlement  and  attachment  of  cyprids  upon  test  panels  of 
antifouling  coatings. 

18.  The  availability  of  quantities  of  barnacle  cyprids  in  a  controlled  environ¬ 
ment  provides  the  basis  for  a  wide  variety  of  new  research  attacks  upon  the  old 
problem  of  fouling.  Heretofore,  antifouling  studies  have  been  carried  out  with 
relatively  hit-and-miss,  non-reproducible,  protracted  methods,  which  involve, 
for  the  most  part,  examination  of  adult  barnacle  (or  other  fouling)  populations 
upon  test  panels  which  have  been  exposed  on  harbor  test  rafts.  Investigations 
involving  the  actual  settlement  and  attachment  of  barnacles  have  been  limited, 
thus  far,  to  occasional  studies  of  the  physiology  and  morphology  of  barnacle 
larvae  and  the  sequence  of  changes  incident  to  cyprid  attachment.  In  this  con¬ 
nection,  Bernard  and  Lane  (IS)  describe  the  attachment  and  decortication  of  the 
barnacle  Balanus  amphitrite  niveus  which  were  collected  from  natural  sources  dur¬ 
ing  the  planktonic  navpliar  and  cyprid  stages. 

19.  The  problems  involved  in  rearing  and  maintaining  quantities  of  cyprids,  and 
the  difficulties  of  working  with  live  cyprids  (16)  have,  up  until  now,  precluded 
the  possibility  of  exploring  fully  the  crucial  area  of  the  actual  attachment  of 
juvenile  barnacles  upon  antifouling  test  panels.  Now,  with  the  establishamnt  of 
the  techniques  described  herein  for  ^he  culture  of  barnacle  cyprids,  the  follow¬ 
ing  benefits  will  accrue:  (1)  investigations  of  antifouling  toxics  and  antifoul¬ 
ing  toxic-containing  coatings  can  be  pursued  with  increased  technical  contMl 
and  reproducibility,  and  with  greater  speed,  (2)  studies  which  heretofore  were 
carried  out  on  a  small  scale  with  limited  results;  such  as  studies  of  cyprid 
settlement  and  attachment,  and  the  shell-building  of  young  adult  barnacles;  cai^ 
be  expanded  to  yield  information  of  great  value  for  antifouling' control,  and  (3) 
research,  heretofore  not  attempted,  in  the  area  of  bio-physical  approaches  to 
fouling  control;  such  as  the,  effect  i;q>on  juvenile  barnacles  of  acoustical  energy, 
magnetic  and  electrical  fields,  light,  and  other  stimuli  or  repellants;  will 
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be  facilitated.  It  is  considered  (17)  that  this  development  of  techniques  for 
the  controlled  mass-rearing  of  barnacle  larvae  to  the  cyprid  stage,  constitutes 
a  breakthrough  in  the  field  of  marine  biology. 

CONCLUSIONS 

I . 

20.  The  following  conclusions  are  drawn  from  the  techniques  described  and  the 
data  presented  herein: 

a.  Barnacle  larvae  of  species  Balanus  amphitrite,  B.  ebatfifUt »  B.  impTOvisus. 
'and  B^trironw,  ***  sqccessfully  mass-reared,  from  fertlleova  to  cyprid,  in 
the  labloracory. 

b.  Adult,  ova-bearing  barnacles,  may  be  transported  from  thoim-'ia.atttpalisite 
to  a  laboratory  at  a  distinctly  removed  geographical  location  and  serve  to  pro¬ 
vide  emibiyos  for  successful  laboratory  culturing  of  larvae. 

c.  Nauplii  of  barnacles  B.  ayhitrite,  B.  ebumeus,  B.  improvis^.  and 
B.  trigonus  can  be  maintained  in  vigorous,  healthy,  metamorphosing  cultures 
upon  a  diet  of  the  centric  diatdm  Cyclotella  nana. 

d.  The  use  of  non-metallic,  bolting-cloth  sieves  of  the  proper  mesh  size 
for  the  periodic  changing  of  seawater  in  barnacle  larvae  rearing  vessels,  pro¬ 
vides  an  efficient,  workable  means  for  maintaining  healthy,  vigorous  larval 
cultures. 


e.  Using  rearing  techniques  developed  at  this  Laboratory,  cultures  con¬ 
sisting  of  populations,  at  least  80%  of  which  have  metamorphosed  to  the  cyprid 
stage,  may  be  attained  as  follows: 

(1)  Balanus  amphitrite:  14  days 

(2)  Balanus  ebumeus;  9  to  17  days 

(3)  Balanus  improvisus:  12  to  20  days 


(4)  Balanus  trigonus:  11  to  13  days 


CURRENT  AND  FUTURE  WORK 


21.  Work  on  this  task,  currently  in  progress  or  planned  for  the  near  future, 
includes  the  following: 


a.  The  laboratory  culturing  of  an  arctic  species  of  barnacle,  Balanus 
balyoides.  whose  habitate  extends  to  local  (New  York  harbor)  waters,  is  pro¬ 
ceeding  successfully  and  a  report  on  the  mass-rearing  of  cyprids  of  this 
species  will  be  prepared  by  May  1965. 
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b.  Emphasis  in  the  current  laboratory  work  is  being  placed  upon  the 
development  of  techniques  and  standards  for  the  controlled  settlement  and 
attachment  of  cyprids  upon  test  surfaces.  . 

c.  A  study  of  methods  by  which  antifouling  coatings  may  be  laboratory- 
aged;  and  studies  of  means  for  correlating  accelerated  laboratory  aging  (or 
leaching)  with  natural  aging  are  underway. 

d.  Plans  are  being  made  to  develop  methods  for  the  controlled,  laboratory 
mass-rearing  of  other  fouling  organisms.  A  probable  choice  for  a  second 
organism  for  an  eventual  complex  laboratory  fouling  environment  will  be  a 
species  of  tube  worm. 

e.  Ultraviolet  irradiation  equipment  for  the  treatment  of  incoming 
Laboratory  seawater,  modelled  after  equipsmnt  described  in  (18),  has  been 
built  and  is  being  installed. 
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APPENDIX  A 

DATA  ON  DEVELOWCNT  OF  BARNACLE  LARVAE 

The  data  on  Laboratory  growth  rates  for  four  species  of  barnacle  larvae  are 
presented  the  following  Tables: 

Table  2  -  Balanus  aaphitrite 

Table  3  -  Balanus  isfattitowa 

Table  4  -  Balanus  iaprovisus 


Table  5  -  Balanus  trigonus 


Tables  2  through  5  -  the  absence  of  data  entries  Indicates  that  no  observations  were  made. 
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APPENDIX  B 


PHOTOMICROGRAPHS  OP  BARNACLE  LARVAE 


The  eight  pages  following,  consist  of  four  series  of  photomicrographs,  taken 
in  vivo  and  reproduced  here  to  a  uniform  scale,  of  the  larval  stages  of  four 
species  of  barnacle.  The  series  are  as  follows: 

Figures  lA  and  IB  -  Balanus  amphitrite 

Figures  2A  and  2B  -  Balanus  ebumeus 


Figures  3A  and  3B  -  Balanus  improvisus 
Figures  4A  and  4B  -  Balanus  trigonus 

Each  series  of  photographs  represents  a  complete  record  of  the  larval  stages 
of  each  species;  from  fertilized  ova,  through  the  six  naupliar  stages,  to 
the  planktonic  cyprid  stage.  The  appearance  of  these  photographs  in  this 
report  represents  the  first  piiblication  of  conqplete  photographic  records 
of  the  larval  stages  of  the  barnacle. 
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APPENDIX  C 


Jttrodte  FOR  IDENTIFICATION  OF  ADULT  BARNACLES 


The  Table  below  briefly  outlines  the  Identification  of  the  five  species  of 
adult  barnacles  currently  being  studied  at  the  Laboratory. 


IDENTIFICATION  OP  ADULT  BARNACLES 

Species 

Color 

Surface 

Texture 

Markings 

Other 

Characteristics 

Balanus 
balanoides 
(Note  a) 

white 

chalky 

flaky 

roufljh 

No  basal  plate. 

B.  ebumeus 

ivory 

saK>oth 

lustrous 

Shell  plates  have 
wi^  radii. 

B.  aephitrite 

white 

SMOth 

Purple-brown  longi¬ 
tudinal  striations 
on  shell  plates. 

Shape  of  opercular 
opening :rhoebic 

B.  im)rovisus 

white 

to 

ivory 

seooth 

lustrous 

Faintly  pigeented 
longitudinal 
striations  on  shell 
plates. 

Shell  plates  have 
narrow  radii. 

B.  trigonus 

pink 

rugose 

Shape  of  operculer 
opening : triangul ar 

Note  a: 


Rearing  of  Balanus  balanoides  not  reported  herein 
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APPENDIX  0 


METHODS  FOR  CULTURING  ALGAE 


The  following  is  a  brief  outline  of  the  procedures  eoqployed  at  the  Laboratory 
for  growing  quantities  of  the  centric  diatoa  Cyclotella  nana  for  use  as  food 
for  barnacle  larvae  cultures: 

1.  Inoculustt  -  Inocluas  of  diatoa  cells  are  supplied  to  the  Laboratory 
as  non-sterile  transfers  of  algae  stock  culture.  They  are  stored,  in  viable 
condition  in  the  Laboratory's  incubator  at  a  teoqperature  of  65F. 

2.  Culturing  algae  -  The  following  list  indicates  the  sequence  of  suc¬ 
cessive  steps  in  the  culturing  process.  Bach  successive  culture  is  innocu- 
lated  with  the  cells  cultured  in  the  previous  step. 


SiSE 

Voluae 

1. 

InnoculuB 

2. 

Starter  Culture 

10  al 

3. 

Saall  Flask 

100  al 

4. 

Large  Flask 

1  1 

5. 

Carboy 

10  1 

Nhen  the  concentration  of  cells  in  the  carboys  reaches  approxiaately  1.5  x  10^ 
cells  per  ailliliter,  the  culture  is  ready  for  use. 

3.  Enrichswnt  ^dia  -  Two  enrictuaent  aedia  solutions  are  added,  one  ailli- 
leter  oi  each  per  liter seawater,  to  algae  cultures.  The  conqpositions  of 
the  solutions  are  as  follows: 


Solution  A 

iJaRp^i;j  20.0  g 

HCl  0.2  g 

Biotin  0.001  g 

Vitaain  B12  0.001  g 

Pyradoxin  HCl  0.1  g 

Calciua  pantathanate  0.2  g 

Distilled  water  1.0  liter 


i 


Solution  B 
NH4€i 

Ferric  sequestrine 
Distilled  water 


150.0 

50.0 

lO.Q 

1.0 


g 

g 

g 

liter 
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4.  Cell  counts  -  The  cell  densities  of  algae  cultures  are  deterained 
with  a  heaacytoBwter.  Th^s  instrunent,  ordinarily  used  for  detemining  blood¬ 
cell  counts,  provides  a  means  for  counting,  under  the  microscope,  the  nvaber 
of  cells  in  a  fixed  volume  of  culture  solution.  Prom  this  count,  the  overall 
cell  density  can  be  calculated. 
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